Abstract. The annual height increment of Scots pine exerts a direct influence on the determination accuracy of the tree and the stand volume increment. It is considered as a major dendrometric characteristic. However, the growth of trees depends on the meteorological conditions in the year that preceded increments, as well as in the given incremental year. In this study the relationship between annual increments, and temperature was examined. For this purpose correlation coefficients between monthly temperature and mean annual height increments were designated. Next, the forward stepwise regression procedure was used. For this purpose the SAS software package was applied. On the basis of the presented research it was found that the Scots pine increments are greater when summer months, both of the pervious year and of the given vegetation season, are cooler and when March is warmer.
INTRODUCTION
In commercial forests of Poland Scots pine is an important tree species. Many scientists have dealt with the impact of atmospheric conditions on diameter increment of trees (radial growth). Zienkiewicz (1946) and Ermich (1953) were the first scientists who were interested in such studies in Poland. Next, the influence of climatic conditions on radial growth of trees growing in peat soils was described by Jasnowska (1977) and Zielski (1996; 1997) .
Annual height increment exerts a direct influence on the determination accuracy of the stand volume increment. It is considered as a major dendrometric characteristic.
Thus, it is important to study the dependences of this characteristic on weather conditions. These relationships were analysed by Kaźmierczak and Zawieja (2011) for one age group (24-year) of pine stands. In this paper, eight age groups of trees were considered.
Scots pine grows in areas, in which temperature ranges from -60 to +40°C. It belongs to the northern (boreal-arctic northern) and mountain tree type. The growth activity of pine covers the period from May to September in Poland. Annual shoots develop from buds formed in the previous vegetation season. The length of these increments does not change in the next vegetation season (because it lignified) and it is possible to determine its length at any given time. The length of annual shoots depends on the weather during the growth (in the vegetation year) as well as in the previous year.
The aim of the study was to determine the dependence between annual increments in length of the main shoot (annual increment in height) and meteorological conditions (temperature) in the both previous and incremental years. The eight age classes of trees are considered.
EXPERIMENTAL DATA AND METHOD
All the considered Scots pine stands were located on fresh mixed coniferous forest sites in the Zielonka Experimental Forest District. The increments in height were measured in a ten-year vegetation period (from 1989 to 1998). The sample trees were selected following the methodology developed by Draudt (Grochowski 1973 ). There were 25 trees selected separately from eight age classes. Consequently the experimental material included ten-year measurements of 200 Scots pine stems. The names of the considered age classes of trees refer to the age of trees in which last measurement was made. For example group 24 denotes trees which first measurement applies to trees at 15 in the ten-year period. In fact, in the study five-year periods are considered, thus, ten-year terms were divided into two five-year periods and all calculations were done separately for each of them.
The data concerning average monthly temperatures in the Zielonka forest were collected form July 1988 to September 1998. The temperatures in the months that preceded increments (formation of buds), as well as of the given vegetation season, were taken into account.
For each age group and each five-year terms Pearson's correlation coefficients between monthly temperature [°C] and mean annual height increments [m] were designated. It is interesting in which month temperature has the strongest impact on increments. For this purpose the multiple regression analysis was used. The variables (months) included in the regression model were selected on the basis Mallows' Cp statistics (Mallows 1973) and taking into account the significance of regression coefficients. For this purpose the SAS software package was used.
RESULTS
In Figure 1 mean annual increments of all age classes of trees in the ten-year period were given. Growth dynamics of the younger trees (24, 33) is more diverse than of the older ones (72, 84, and 94) . They are more susceptible to various factors than older trees. However, a similar trend can be clearly seen in the subsequent years. Thus, it can be supposed that they depend on the meteorological conditions in each year. The mean monthly temperatures from January to June were presented in the Figure 2 and from July to December in the Figure 3 . The temperatures were given for eleven years, since the preceding trees increments year was included too. It can be observed that in some months, in each of the considered years, the average temperatures were similar, but in the others they were highly variable. In the eleven-year period the smallest temperature fluctuations were in September (4°C), whereas the largest in winter months, namely in February (10.7°C) and January (8.5°C). On the other hand, in the first six-year period the smallest temperature fluctuations were in April (2.1°C), January (2.6°C), while the largest in February (8.9°C) and May (7.1°C). In the second six-year period the smallest temperature fluctuations were in June (1.8°C), whereas the largest in February (9.8°C).
Correlation coefficients between average monthly temperatures and both considered five-years increments were presented in Tables 1 and 2 . In order to distinguish the months that preceded vegetation season from the months during vegetation season, in the first case before the number of the month letter p, and in the second one letter a were placed. In both five-year periods, correlation coefficients were significant in most cases. Thus, there was some relationship between the considered factors. In the first period, strong correlations were observed in July (pVII), August (pVIII), March (aIII), and September (aIX) for most of age groups. In the second period significant correlation coefficients were obtained mostly for trees belonging to 43, 55, 62, 72, 84 and 92 age groups. In this period the most significant correlations were obtained in August (pVIII), January (I), March (aIII), June (aVI) and July (aVII). 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Year -Rok Letter p and Roman number -the month in the year that preceded incremental. Letter a and Roman number -the month in the vegetation year. Bold font -the significance value of correlation coefficients (α = 0.05). Litera p przed rzymskim oznaczeniem miesiąca -miesiąc roku poprzedniego. Litera a przed rzymskim oznaczeniem miesiąca -miesiąc roku przyrostowego. Pogrubioną czcionką zaznaczono wartości istotne na poziomie α = 0,05.
In August, at the time of buds tying (pVIII), the significant values of correlation coefficients were obtained in almost all age-group of trees. But in the first five-year increments period they were negative and in the second positive. The similar contradiction can be seen in other months. The mean temperatures concerning each considered month in five-year periods were given in Table 3 and Figure 4 . In summer months (July, August, and September) in the year that preceded increments the mean temperature was higher in the first period than in the second. Warm summer did not affect the accumulation of the appropriate amount of reserve substances in buds, whereas lower temperature, especially in August, affected the larger increments in next year. Moreover, in the incremental year (in table month designated as aVII-aIX) there was an opposite situation. In the first period the correlation coefficients were positive and in the second one were negative (except younger trees). In Figure 4 and Table 3 it was shown that mean temperature in the first period was lower than in the second one. Thus in both periods in the time of tying buds and growth of trees the lower temperature was more favourable in summer months. In the first considered period the mean temperature in March was higher than in the second period and in first period the correlation coefficients were positive. Warmer March contributed to the early start of the growing season and also extended to the term of tree growth. But warm April in the first period had a negative influence on the increments. Due to the fact that many of the correlation coefficients obtained a significant value, in order to find months that had significant impact on increments in the particular age groups, the model analysis of regression was selected using Mallows' C p statistic (Mallows, 1973) . When in the model with the smallest C p one of the regression coefficient occurs negligible then the model with greater C p was selected. The effects of analysis of regression in the first period are presented in Table 4 and in the second period in Table 5 .
In the first period the biggest impact on increments was noted in August of the year that preceded increments. In the second period it was noted in July and August of the year that preceded increments. The results are similar to those obtained from correlation coefficients. In the second period for tree from 33 age group the model of regression with small C p (<p, where p is the number used explanatory variables) and all significant coefficients cannot be selected. On the basis of the received results it can be concluded that in the year that preceded the analysed incremental season, the temperature in August was the most meaningful for the length of increments of 38, 50, 57, 67 age groups of trees in the first five-year period and 43, 55, 72, 84 in the second five-year period. Comparing the received results with fluctuations of monthly temperature (given in Figure 2 and 3) it can be concluded that in months in which the temperatures had greater impact on increments the fluctuations of temperatures was medium and low. In the next step it was observed that the relationship between annual height increments and ranges of annual temperatures (designated separately for each considered year) in the vegetation season were noted. In Figure 5 these quantities were presented. The ranges of annual temperatures had a similar course as the height increments. Significant value of coefficients of correlation between height increments and ranges of annual temperatures were designated by bold font in Table 6 . In the second period the negative quantities of correlation coefficients mean that if scattering of average monthly temperatures was large, the increments of trees were smaller. In the second period ranges of annual temperature were greater than in first one. In the first period there was no relationship in the case of oldest trees. 
DISCUSSION AND CONCLUSIONS
In the study of Cedro (2001) the author investigated the effect of temperature and precipitation on increments in diameter of Scots pine. She recorded that high temperature in September had a negative effect on increments. It was also stated that variation of the temperature throughout the year (ranges) had an effect on increments. Similar dependences in the case of height increment can be observed in this study. A strong relationship between mean temperature in June and August in the preceding year and the length of the apical shoot in 20-year old pines was shown by Junttila and Heide (1981) . Michalak (1977) investigated the course of the diurnal increment in height in a 3-year period depending on variable meteorological conditions in the vegetation season in pine, fir, spruce, larch, oak and beech. In the paper by Zielski (1996) the significant correlation between the temperature and diameter increments of pine in the February and March was concluded. The results obtained for the pine from the Dąbrowa Tarnowska forest areas by Feliksik 1988 are similar. Namely, increments in width of the wood were strongly dependent on temperature (from January to March). Oleksyn et al. (1993) concluded that there is a significant relationship between the radial growth and winter temperatures. The formation of wide annual rings favours warm and short winters and wet and warm summers, while the frosty and long winters and dry and hot summers cause a reduction of increments, as concluded by Wilczyński (2004) .
On the basis of the conducted calculations it can be possible to draw the following conclusions.
-The temperature of months from July to September in the years that preceded increments has large influence on increments in next year.
-In spring and summer the temperature in the vegetation year has got a large influence on increments in the given year. -Increments of trees are greater if summer is cooler and March is warmer. -Small differences between maximum and minimum month average temperatures are favourable for bigger increments of height.
As it was shown, the temperature, especially in summer (both preceding and given increments years) and spring months, has a major impact on the growth of Scots pine. But besides other metrological conditions, it also has an influence on the increments.
